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© Local analysis of a specimen in an x-ray fluorescence spectrometer. 
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© The field of view to a local portion of a specimen 
(2) irradiated by X-rays from an X-ray tube (1) is 
restricted with a view-restricting diaphragm (3). The 
fluorescent X-rays from the specimen passing 
through the view-restricting diaphragm are collimat- 
ed by a primary Soller slit (4). A control unit (13) 
rotates the specimen at an arbitrary angle around 
the rotation center by controlling the rotation mecha- 
nism (10) and moves the view-restricting diaphragm 
through an arbitrary distance within a predetermined 
range in a direction perpendicular to the optical axis 
of said primary Soller slit (4) and along a radial 
direction around the rotation center of said specimen 
(2), thereby rotating the specimen at the arbitrary 
angle and moving the view-restricting diaphragm 
through the arbitrary distance so that the view-re- 
stricting diaphragm may face the local portion of the 
specimen. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an X-ray flu- 
orescence spectrometer based on a beam-col I inflat- 
ing method and, more particularly to an X-ray flu- 
orescence spectrometer suitable for use with local 
analysis of a specimen. 

Description of Related Art 

As explained with reference to FIG. 10, in an X- 
ray fluorescence spectrometer based on a beam- 
collimating method, a specimen 2 is housed in a 
specimen container 8. At the center position of the 
specimen container 8, only a local portion, which is 
a specially selected part out of the whole surface of 
the specimen 2 for local analysis, is exteriorly 
exposed from the specimen container 8. 

The primary X-rays from an X-ray tube 1 irradi- 
ates the specimen 2, housed as mentioned above 
in the specimen container 8, with the local portion 
thereof exposed at the center position of the speci- 
men container 8. The specimen 2 generates flu- 
orescent X-rays from the local portion in response 
to the irradiation of the primary X-rays from the X- 
ray tube 1. The fluorescent X-rays, generated from 
the local portion of the specimen 2, are guided 
through a view-restricting diaphragm 3 to a primary 
Soller slit 4. The primary Soller slit 4 collimates the 
fluorescent X-rays guided through the view-restrict- 
ing diaphragm 3 and then guides the same to a 
plate analyzing crystal 5. 

The plate analyzing crystal 5 disperses the 
fluorescent X-rays guided from the primary Soller 
slit 4 into spectrum having the components of 
wavelength corresponding to each of the elements 
contained in the specimen 2 and thereafter leads 
them into a secondary Soller slit 6. The secondary 
Soller slit 6 collimates the dispersed fluorescent X- 
rays from the plate analyzing crystal 5 and there- 
after leads them to an X-ray detector 7. The X-ray 
detector 7 detects each of the elements contained 
in the local portion of the specimen 2 based on the 
dispersed fluorescent X-rays having the compo- 
nents of wavelength corresponding to each of the 
elements guided. 

With the above arrangement, it is difficult to 
irradiate only the specimen 2 with the primary X- 
rays from the X-ray tube 1 ; therefore part of the 
primary X-rays may irradiate the specimen con- 
tainer 8. As a result, such irradiation of the primary 
X-rays causes not only the generation of fluores- 
cent X-rays from the the local portion of the speci- 
men 2 but also the generation of fluorescent X-rays 
and scattered X-rays from the specimen container 
8. 



When the fluorescent X-rays and scattered X- 
rays, generated from the specimen container 8 
other than the local portion to be analyzed, are 
incident through the abovementioned paths includ- 

5 ing the primary Soller slit 4 upon the X-ray detector 
7, these X-rays form backgrounds against spec- 
trum of the fluorescent X-rays necessary for the 
analysis of the local portion of the specimen 2, 
thereby deteriorating a signal-to-noise ratio (S/N) of 

70 the X-ray detector 7. 

Therefore, with a view to allowing the fluores- 
cent X-rays necessary for analysis from the speci- 
men 2 to be incident on the primary Soller slit 4 
and not allowing the unrequired X-rays from the 

75 specimen container 8 to be incident on the same 
for the improvement of the S/N of the X-ray detec- 
tor 7. the view-resricting diaphragm 3, which re- 
stricts a field of view seen from the primary Soller 
slit 4 only to the local portion of the specimen 2, is 

20 interposed between the specimen 2 and the pri- 
mary Soller slit 4. 

Referring now to FIG. 11, illustrating an en- 
larged essential part of the spectrometer shown in 
FIG. 10, the specimen 2 is retained in the speci- 

25 men container 8 with its circumferential portion 
covered and only the local portion exposed ex- 
teriorly. The view-resricting diaphragm 3 is com- 
posed of a flat plate 3a having a plurality of holes, 
for example, three holes 3b, 3c and 3d each having 

30 aperture corresponding to the size of each of the 
local portions of the specimen 2 to be analyzed. 
When the local portions of the specimen 2 to be 
analyzed are each different in size, the view-resric- 
ting diaphragm 3 is slidable in a direction marked 

35 by an arrow A so that each of the holes 3b, 3c, and 
3d of the view-restricting diaphradm 3 may cor- 
respondingly be positioned at the center position of 
the specimen container 8. 

In the analysis of the local portions of the 

40 specimen 2, when the the, local portions are dif- 
ferent in size as mentioned above, it is necessary 
to slide the view-resricting diaphragm 3 so that 
these holes 3b, 3c, and 3d each may be cor- 
respondingly positioned at the center of the speci- 

45 men container 8 or the local portions of the speci- 
men 2. 

In an analysis under the condition that the local 
portions of the specimen 2 each are positioned 
differently but the same in size, it is unnecessary 

50 to slide the view-resricting diaphragm 3. However, 
in such an analysis, it is required to rearrange the 
setting of the specimen 2 to the specimen con- 
tainer 8 so that each of the local portions of the 
specimen 2 being at different positions each may 

55 be positioned precisely at the center position of the 
specimen container 8. Moreover, when the shape 
of the specimen 2 does not agree with the speci- 
fied accommodation size of the specimen container 
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8, for example, when the siz of the specimen 2 is 
larger than the specified size of the specimen 
container 8, the specimen 2 cannot be accom- 
modated smoothly in the specimen container 8 as 
it stands in size. 

In such a case, therefore, the specimen 2 is 
required to be set in the specimen container 8 after 
subdividing it into smaller parts. Such an analysis 
for which this setting is required, is very trouble- 
some. 

Furthermore, in conducting the analysis in the 
state that the area of the specimen 2 exposed from 
the specimen container 8 is made larger and thus 
the local portions of the specimen 2 for analysis 
are enlarged, a necessary movement distance of 
the specimen 2 or the specimen container 8 for 
analyzing a different local portion is forced to be- 
come longer. This brings on an undesirable result 
that the necessary space for the movement of the 
specimen container 8 is not satisfactorily ensured 
due to the restriction for the arrangement of various 
internal components such as an X-ray tube ar- 
ranged close to the specimen container 8. In addi- 
tion to this inconvenience, if the arrangement con- 
dition for the internal components is ignored in 
order to ensure the space, this deteriorates the 
detection sensitivity of the X-ray detector 7. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the 
present invention to provide a novel and improved 
X-ray fluorescence spectrometer which facilitates 
an analysis operation for a specimen in analyzing 
different local portions thereof. 

Another object of the present invention is to 
provide a novel and improved X-ray fluorescence 
spectrometer which facilitates the arrangement of 
internal components by enabling to analyze ar- 
bitrary local portions of the specimen without mov- 
ing the specimen or a specimen container, and 
improves a detection sensitivity of an X-ray detec- 
tor. 

Other objects and further scope of applicability 
of the present invention will become apparant from 
the detailed description given hereinafter. It should 
be understood, however, that the detailed descrip- 
tion and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by 
way of illustration only, since various changes and 
modifications within the spirit and scope of the 
invention will become apparant to those skilled in 
the art from this detailed description. 

In order to achieve these objects, in carrying 
out the present invention in one preferred mode, an 
X-ray fluorescence spectrometer comprises a view- 
restricting diaphragm for ristricting a field of view to 
the local portions of a specimen irradiated by X- 



rays from an X-ray tube, a primary Soller slit for 
collimating fluorescent X-rays ingoing from the 
specimen through the view-restricting diaphragm, 
movement means for moving the view-restricting 

5 diaphragm through an arbitrary distance within a 
predetermined range in a direction perpendicular to 
an incident optical axis of the primary Soller slit 
and along a radial direction around the rotation 
center of the specimen, and control means for 

w controlling the movement means so that the view- 
restricting diaphragm may face the local portions of 
said specimen. 

Preferably the present invention comprises ro- 
tation means for rotaing the specimen at arbitrary 

is angles around a predetermined rotation axis, the 
control means controlling the rotation means to- 
gether with the movement means so that the view- 
restricting diaphragm may face the local portions of 
the specimen. 

20 In the present invention, preferably, the view- 
restricting diaphragm has a plurality of holes each 
having an aperture of different size and coned 
cylindrical members each being correspondingly 
mounted around each of the holes toward the 

25 specimen. 

Furthermore, preferably the present invention 
comprises a mark attached to the side of the 
specimen container for setting a rotation reference 
position and mark-detecting means for detecting 

30 the mark and outputting a signal corresponding to 
the detection of the mark. 

With the above arrangement, the specimen can 
be rotated through the arbitrary angles and the 
view-restricting diaphragm can be moved through 

35 the arbitrary distance within the predermined 
range. Accordingly, even though a local portion of 
the specimen to be analyzed is minute and posi- 
tioned out of the center of the specimen, for exam- 
ple, the minute local portion of the specimen can 

40 face the view-restricting diaphragm by rotating the 
specimen and moving the view-restricting dia- 
phragm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 
so not limitative of the present invention and wherein: 
FIG. 1 is an entire schematic representation of 
an X-ray fluorescence spectrometer according 
to a first preferred embodiment of the present 
invention; 

55 FIG. 2 is an enlarged perspective view of an 
essential part of the spectrometer shown in FIG. 
1; 
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FIG. 3 is an enlarged perspective view of an 
essential part of an X-ray fluorescenc spec- 
trometer according to a second preferred em- 
bodiment of the present invention in which a 
specimen is accommodated with the local por- 
tions thereof exposed widely to a specimen con- 
tainer; 

FIG. 4 is an enlarged perspective view of an 
essential part of the spectrometer in which a 
specimen is accommodated with the local por- 
tions thereof exposed narrowly in the second 
embodiment of the present invention; 
FIG. 5 is an enlarged sectional side elevation 
view of an essential part of the spectrometer 
shown in FIG. 4; 

FIG. 6 is an entire schematic representation of 
an X-ray fluorescence spectrometer according 
to a third preferred embodiment of the present 
invention; 

FIG. 7 is an enlarged perspective view of the 

specimen container shown in FIG. 6; 

FIG. 8 is an enlarged vertical sectional view of 

the specimen container shown in FIG. 7; 

FIGS. 9 (a) and (b) are enlarged plan views of a 

lid of the specimen container and an optical 

fiber of a mark-detecting unit shown in FIG. 6; 

FIG. 10 is an entire schematic representation of 

a conventional X-ray fluorescence spectrometer; 

and 

FIG. 11 is an enlarged perspective view of an 
essential part of the spectrometer shown in FIG. 
10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described in de- 
tail with reference to the accompanying drawings. 

FIG. 1 is an entire schematic representation of 
an X-ray fluorescence spectrometer according to a 
first preferred embodiment of the present invention, 
and FIG. 2 is an enlarged perspective view of an 
essential part of the spectrometer shown in FIG. 1 , 
wherein like reference numerals referred to in FIGs. 
10 and 11 designate like parts. 

Referring now to FIGs. 1 and 2, an X-ray 
fluorescence spectrometer according to the first 
preferred embodiment of the present invention, ba- 
sically comprises an X-ray tube 1, a specimen 
container 8 f a view-restricting diaphragm 3, a pri- 
mary Soller slit 4, a plate analyzing crystal 5, a 
secondary Soller slit 6, and an X-ray detector 7. 
The fundamental operation of these components in 
the spectrometer will be omitted since it has been 
mentioned above. 

In order to enable an easy analysis of arbitrary 
local portions positioned out of the center of a 
specimen 2, the spectrometer of the first embodi- 



ment of the pres nt invention comprises the follow- 
ing arrangement, in addition to the abovementioned 
basic one. 

The spectrometer of the first embodiment of 

5 the present invention comprises a rotation mecha- 
nism 10 such as a pulse motor for rotating the 
specimen container 8 through arbitrary angles ar- 
ound its rotation axis, a movement mechanism 11, 
composed of a motor, a gear and the like, for 

70 moving the view-restricting diaphragm 3 through an 
arbitrary distance within a predetermined range in a 
direction perpendicular to an incident optical axis of 
the primary Soller slit 4 and along a radial direction 
around the rotation center of the specimen 2, and 

75 an input unit 12 such as a keyboard operated for 
specifying the position of each of the local portions 
of the specimen to be analyzed. 

The spectrometer of the first embodiment of 
the present invention further comprises a control 

20 unit 13 for controlling the rotation mechanism 10 
and the movement mechanism 1 1 so that the view- 
restricting diaphragm 3 may face the predeter- 
mined local portions of the specimen 2, a data- 
processing unit 14 for making a sensitivity correc- 

25 tion accompanied by the fact that the local portion 
of the specimen 2 has slipped off the center of the 
specimen and for analyzing and processing neces- 
sary data, and a display unit 15 such as a cathode- 
ray tube (CRT) for displaying the analysis result. 

30 In the first embodiment of the present inven- 
tion, the surface area of the specimen 2, exposed 
from the specimen container 8, is wider as com- 
pared with that in the conventional spectrometer, 
and of such widely exposed surface area, an ar- 

35 bitrary minute surface area is selected as a local 
portion 2a for analysis. 

The specimen container 8 is adapted to be 
rotated through arbitrary angles by means of the 
rotation mechanism 10. At the reference position of 

40 the rotation of the specimen container 8, a mark 17 
is set which can be detected by a mark-detecting 
unit or a photosensor 16 fixedly positioned on the 
side of the specimen container 8. The view-restrict- 
ing diaphragm 3 comprises a flat plate 3a having 

45 three holes 3b, 3c, and 3d. These holes 3b, 3c. 
and 3d are each different in aperture so as to 
correspondingly meet the size of the local portions 
of the specimen 2 to be analyzed. 

The movement mechanism 1 1 moves the view- 
so restricting diaphragm 3 in a direction perpendicular 
to the incident optical axis of the Soller slit 4 and in 
a radial direction, marked by an arrow A in FIG. 2, 
around the center of the specimen 2. 

The movement mechanism 1 1 also moves the 

55 view-restricting diaphragm 3 in the direction of the 
arrow A so that the holes 3b, 3c, and 3d may face 
the center of th specimen container 8. stopping 
th movement of the view-restricting diaphragm 3 
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at an arbitrary position of the sp cimen container 8 
within a predetermin d range. 

As a result, even when the local portion of the 
specimen 2 is positioned out of the center of the 
specimen container 8, the movement mechanism 
11 can move the view-restricting diaphragm 3 at 
the position where the holes 3b, 3c, and 3d may 
face the local portion of the specimen 2 thus posi- 
tioned out of the center of the specimen container 
8. 

As explained with reference to FIG. 2 f the input 
unit 12 can input, as a position data for determining 
the position of the local portion 2a, a distance "r" 
away from the center position of the specimen 
container 8 or the rotation center 0 of the speci- 
men 2 and an angle "e" from the reference posi- 
tion where the mark 17 is set. 

When the local portion of the specimen 2 is 
minute, the control unit 13 controls the rotation 
mechanism 10 and the movement mechanism 11, 
on the basis of the position data consisting of the 
distance "r" and the angle "0" inputted from the 
input unit 12, so that out of three holes 3b, 3c and 
3d of the view-restricting diaphragm 3, the hole 3b 
having a minimum aperture corresponding to the 
minute local portion 2a may face the minute local 
portion 2a of the specimen 2 specified by the input 
unit 12. 

That is, the control unit 13 rotates the speci- 
men container 8 by controlling the rotation mecha- 
nism 10. When the mark 17, formed on the side of 
the specimen container 8, has opposed the 
photosensor 16 with the rotation of the specimen 
container 8, the photosensor 16 detects the mark 
17 and then gives its detection output the control 
unit 13. 

The control unit 13 first confirms the reference 
position of rotation of the specimen container 8 in 
response to the input of the detection output from 
the photosensor 16. Next, the control unit 13, in 
accordance with the reference position thus con- 
firmed and the angle "0" given from the input unit 
12, further controls to rotate the specimen con- 
tainer 8 at the angle "0" from the reference posi- 
tion, thereby arranging the local portion 2a of the 
specimen 2 on a straight line where the view- 
restricting diaphragm 3 faces, or on a straight line 
L in a movement direction of the view-restricting 
diaphragm 3. 

Next, the control unit 13 moves the view-re- 
stricting diaphragm 3 in a plane perpendicular to 
the incident optical axis of the primary Soller slit 4, 
namely, in a direction A parallel to the straight line 
L and along a radial direction round the rotation 
center 0 of the specimen 2 so that the hole 3b, 
having the minimum aperture, may b positioned 
the distance "r" away from the rotation center 0 by 
controlling the movement mechanism 1 1 . Thus, the 



hole 3b of the minimum ap rture of the view- 
restricting diaphragm 3 is selected and faces the 
specified local portion 2a of the specimen 2, there- 
by the analysis of the local portion 2a being con- 

5 ducted. 

In this analysis operation, in response to the 
irradiation of the primary X-rays from the X-ray 
tube 1 to the specimen 2, the local portion 2a of 
the specimen 2 generates the fluorescent X-rays. 

w The fluorescent X-rays generated from the local 
portion 2a are introduced through the view-restrict- 
ing diaphragm 3 into the primary Soller slit 4 and 
are then collimated by the primary Soller slit 4. The 
collimated fluorescent X-rays from the primary Sol- 

15 ler slit 4 are dispersed into spectrum having 
wavelength components by the plate analyzing cry- 
stal 5 and then detected via the secondary Soller 
slit 6 by the X-ray detector 7. The detection output 
from the X-ray detector 7 is given to the data- 

20 processing unit 7. 

Since the distance "r", taken between the cen- 
ter position of the specimen container 8 or the 
rotation center O of the specimen 2 and the local 
portion 2, varies according to the position of the 

25 local portion 2a, the detection sensitivity of the X- 
ray detector 7 varies depending upon the distance 
"r", this resulting in the dispersion of the detection 
output of the X-ray detector 7. 

For this reason, the data-processing unit 14 

30 corrects the dispersion of the detection output as 
follows. That is, a copper plate is utilized as a 
standard specimen having preselected homoge- 
neous composition, for example. After the copper 
plate is set in the specimen container 8 in place, 

35 the output strength of the X-ray detector 7 is mea- 
sured at each of the local portions on the copper 
standard specimen under the condition that the 
local portions are each positioned at different dis- 
tances n r n from the rotation center thereof. 

ao In accordance with changes of the positions of 
the local portions, in other words, when the above 
distances "r" change, the changes of detection 
sensitivity of the X-ray detector 7 are pre-mea- 
sured. After being processed thus, the measured 

45 data are pre-stored into the data-processing unit 14 
as correction values for compensating the changes 
of the detection sensitivity. 

The data-processing unit 14 corrects the detec- 
tion sensitivity of the X-ray detector 7 using the 

so stored correction values for detection outout for the 
analysis of the local portions of the specimen 2 
given from the X-ray detector 7. Thus, even though 
the local portions of th specimen 2, positioned out 
of the center position thereof, are analyzed and 

55 measured, the analysis result can be obtained as 
precisely as in the case where the analysis is 
conducted about the local portions at the center 
position of th specimen 2. 
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Further, in th first embodiment of the present 
invention, the local portions of th specimen 2 to 
be analyzed may be specified at a plurality of the 
points on the specimen 2 by the input unit 12. In 
case of such analysis being based on the input of 
the plural specified points, mapping data indicating 
an existence probability of elements may be pre- 
pared in the data-processing unit 14 and displayed 
on the display unit 15. 

With the preparation and display of the map- 
ping data, compositionally-inhomogeneous speci- 
mens or segregation specimens can be suitably 
analyzed. 

In the first embodiment of the present inven- 
tion, as above, the view-restricting diaphragm 3 can 
be moved with the rotation of the specimen con- 
tainer 2 at required angles so that the view-restrict- 
ing diaphragm 3 may face the local portion 2a of 
the specimen 2 to be analyzed. Accordingly, even 
in the case where the local portion 2a of the 
specimen 2 is positioned out of the center position 
of the specimen 2, it is unnecessary to rearrange 
the setting of the specimen 2 to the specimen 
container 8, thereby an easy and smooth analysis 
operation of the specimen 2 being made possible. 

Moreover, since the local portion 2a of the 
specimen 2 can be set arbitrarily, even though the 
specimen 2 is heteromorphic or deformed to such 
an extent that it is difficult to accommodate it in the 
specimen container 8, the specimen 2 is unnec- 
essary to be subdivided into small parts for its 
analysis and can be analyzed at the local portions 
to be analyzed as it stands in size, this resulting in 
a convenient analysis operation. 

Furthermore, in the first embodiment of the 
present invention, as above, the description has 
been made about the analysis in the case where 
the local portion 2a is positioned out of the center 
position of the specimen 2 and minute in size, 
though, the local portion can be set at the center 
position of the specimen 2 for analysis. And, an 
average result of analysis can be obtained by en- 
larging the local portion 2a of the specimen 2 to be 
analyzed and rotating the specimen 2. 

In the first embodiment of the present inven- 
tion, though the position of the local portion 2a is 
specified with spherical coordinates consisting of 
the distance "r" and the angle "6" through the 
operation of the input unit 12, for example, the local 
portion 2a can be analyzed in the same manner as 
above even when it is specified with two-dimen- 
sional coordinates and thereafter transformed into 
spherical coordinates by the control unit 13. 

Furthermore, in the first embodiment of the 
present invention, though the view-restricting dia- 
phragm 3 faces the local portion 2a through the 
hole 3b of a minimum aperture thereof, other holes 
3c and 3d thereof may be selected to face the 



corresponding local portions. 

FIG. 3 is an enlarged perspective view of an 
essential part of an X-ray fluorescence spectrom- 
eter according to a second preferred embodiment 

5 of the present invention. 

Referring to FIG. 3, a view-restricting dia- 
phragm 3 comprises a flat plate 3a having a plural- 
ity of holes 3b, 3c and 3d, the plate 3a having a 
plurality of circular truncated cone-shaped cylin- 

70 dricai members 3b1, 3d and 3d1 which are moun- 
ted at their base ends correspondingly around the 
holes 3b, 3c and 3d toward a specimen 2. The 
aperture of the base ends of the cylindrical mem- 
bers 3b1, 3d and 3d1 corresponds to that of each 

js of the holes 3b, 3c and 3d, respectively. The 
cylindrical members 3b1 , 3d and 3d1 are formed 
so that their respective apertures are smaller as 
they advance toward their respective tip ends. The 
apertures of their respective tip ends are des- 

20 ignated at Db, Dc and Dd in the figure, respec- 
tively. Similarly, the lengths of the cylindrical mem- 
bers 3b1, 3d and 3d1 are designated at Lb, Lc 
and Ld, respectively. 

When the specimen 2 is seen from the X-ray 

25 detector 7 through the cylindrical members 3b1, 
3d and 3d1, their respective apertures and lengths 
of the cylindrical members 3b1, 3d and 3d1 are 
set so that, of the whole surface of the specimen 2, 
the surface other than the analyzed local portion 

30 having a required aperture may not be seen and 
the irradiation path of the primary X-rays from the 
X-ray tube 1 to the analyzed portion may not be 
interrupted. 

Accordingly, as the local portion 2a of the 
35 specimen 2 becomes smaller, the aperture of each 
of the tip ends of the cylindricaLmembers 3b1 , 3d 
and 3d1 is made smaller and the length thereof 
larger. 

Similar to the first embodiment of the present 

40 invention, other arrangement of the second em- 
bodiment thereof is so constructed that the mini- 
mum hole 3b of the view-restricting diaphragm 3 
and the corresponding cylindrical member 3b1 
may face the specified local portion 2a of the 

45 specimen 2 upon analysis operation by means of 
the rotation mechanism 10 and the movement 
mechanism 11. 

In the second embodiment of the present in- 
vention, the local portion 2a of the specimen 2 can 

so be stopped down more than that in the conven- 
tional manner for more precise analysis. 

In the second embodiment of the present in- 
vention, as shown in FIG. 4, in the case where the 
specimen 2 is analyzed with only the center sur- 

55 face thereof being exposed and the other surface 
thereof being covered by means of the specimen 
container 8, a suitabl cylindrical member 3b1, for 
example, is selected by means of the movement of 
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the view-restricting diaphragm 3 in accordanc with 
the size of the specimen 2. Thus, as shown in FIG. 
5, when the specimen 2 is seen from the primary 
Soller slit 4 through the cylindrical member 3b1, 
the tip end of the cylindrical member 3b1 comes 
very close to the specimen 2 and hence only the 
exposed surface of the specimen 2 can be seen 
through the cylindrical member 3b1. Accordingly, 
the unnecessary fluorescent X-rays and scattered 
X-rays produced from the specimen container 8 
other than the specimen 2 are cut off by the view- 
restricting diaphragm 3, thereby the noise compo- 
nents unnecessary for the local analysis of the 
specimen 2 being eliminated from the detection 
output of the X-ray detector 7. In addition to this, in 
the analysis of the local portions of the specimen 2 
as shown in FIG. 4, the aperture of the cylindrical 
member 3b1 may be approximately the same in 
size as the specimen 2 and moreover it is unnec- 
essary to diminish its size more than necessary. 

With this arrangement, since the fluorescent X- 
rays generated from the specimen 2 can be intro- 
duced efficiently into the X-ray detector 7, the level 
of the signal components contained in the detec- 
tion output from the X-ray detector 7 becomes 
relatively larger than that of the noise components 
contained in the same, thereby the signal-to-noise 
ratio (S/N) being improved for analysis of the local 
portion using the fluorescent X-ray spectrometer as 
a result. 

In the abovementioned embodiments of the 
present invention, the holes 3b, 3c and 3d of the 
view-restricting diaphragm 3 and the cylindrical 
members 3b1 t 3d and 3d1 are three in number, 
respectively, but the present invention is not limited 
to the number any more. Further, the cylindrical 
members 3b1, 3d and 3d1 may be shaped like a 
straight pipe in addition to a cone. 

The spectrometer according to the above em- 
bodiments can rotate the specimen 2 at arbitrary 
angles and move the view-restricting diaphragm 3 
through an arbitrary distance within a predeter- 
mined range. 

Therefore, even though the minute local por- 
tions of the specimen 2 to be analyzed are posi- 
tioned at a distance B r" away from the center of the 
specimen 2 and at an angle "e n out of the refer- 
ence position, the local portions of the specimen 2 
can be faced the view-restricting diaphragm 3, by 
moving the view-restricting diaphragm 3 through 
the distance "r" by means of the movement 
mechanism 11 and by rotating the specimen 2 
together with the specimen container 8 through the 
angle "0" by means of the rotation mechanism 10 
in response to the input data from the input unit 12. 

For this reason, in the spectrometer according 
to the present invention, it is unnecessary to rear- 
range the setting of the specimen 2 as in the 



conventional manner, thereby a smooth analysis 
operation being made possibl and further the 
spectrometer can obtain not only average values 
about elements contained in the specimen 2 but 

5 mapping data indicating existence probability. 

FIG. 6 is a schematic arrangement view of an 
X-ray fluorescence spectrometer of a third pre- 
ferred embodiment according to the present inven- 
tion, wherein parts having basically the same func- 

io tion as the parts shown in FIG. 1 are designated by 
the like numerals. 

Similar to the first embodiment, the X-ray flu- 
orescence spectrometer of the third embodiment of 
the present invention comprises an X-ray tube 1 , a 

15 specimen container 8, a view-restricting diaphragm 
3, a primary Soller slit 4, a plate analyzing crystal 
5, a secondary Soller slit 6, an X-ray detector 7, a 
rotation mechanism 11, a movement mechanism 
11, an input unit 12 and a control unit 12. Of these 

20 parts of the spectrometer, the plate analyzing cry- 
stal 5, the secondary Soller slit 6 and the X-ray 
detector 7 are not illustrated in FIG. 6 for easy 
understanding of its illustration. 

The X-ray fluorescence spectrometer of the 

25 third embodiment of the present invention further 
comprises a mark-detecting unit 16 mentioned 
later, and controls the rotation mechanism 10 and 
the movement mechanism 11 based on the detec- 
tion output of the mark-detecting unit 16 and in 

30 response to the input from the input unit 12 so that 
the selected holes of the view-restricting diaphragm 
3 may face the the desired local portions of the 
specimen. 

Further, in the X-ray fluorescence spectrometer 

35 of the third embodiment of the present invention, 
the specimen container 8 is mounted on a mount- 
ing table 18. As shown in FIGs. 7 and 8, the 
specimen container 8 comprises a cylindrical con- 
tainer body 81, a lid 82 fitted into the upper portion 

40 of the container body 81, and a ring 83 fitted into 
the barrel of the lid 82. 

On the bottom of the container body 81 is 
clamped a spring seat 84 on which a compressed 
spring 85 is positioned. A specimen seat 86 is 

45 attached on the upper end of the compressed 
spring 85. The upper portion of the container body 
81 is reduced in diameter. An annular groove 81b 
is formed around the upper peripheral surface of 
the container body 81 reduced in diameter. The 

so annular groove 81 b is circumferentially cut out at 
several points where grooves 80c for allowing en- 
gagement of the lid 82 are formed. 

The lid 82 comprises a top portion 82a having 
an exposing hole 82c at the center thereof and a 

55 barrel portion 82b on the inner peripheral surface 
of which protruding portions 82d ar formed cor- 
responding to the grooves 80c for the lid 82. On 
the outer peripheral surface of th barrel portion 
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82b of the lid 82, a ring 83 is rotatably fitted 
through an O-ring 19. 

A mark 17 for setting a reference position is 
attached on one circumferential area of the ring 83. 
The mark 17 is composed of a slit-like longitudinal 
groove formed by drilling a circumferential part of 
the ring 83 and is coats at its inside with black 
paint. Toward the outside of the ring 83, a mark- 
detecting unit 16 for detecting the existence of the 
mark 17 is positioned facing the outer peripheral 
surface of the ring 83. 

The mark-detecting unit 16 Is composed of a 
light source 16a and an optical fiber 16b. The light 
from the light source 16a irradiates the outer pe- 
ripheral surface of the ring 83 through the optical 
fiber 16b and is reflected on the ring 83. The light 
of reflection from the ring 83 is guided via the 
optical fiber 16b to the control unit 13. When the 
mark 17 faces the light-outgoing end of the optical 
fiber 16b, the strengh of the light of refelection 
becomes small. In response to this, the mark- 
detecting unit 16 detects the existence of the mark 
17, outputting the detection output to the control 
unit 13. 

The setting of the specimen 2 to the specimen 
container 8 is conducted as follows. The specimen 
2 is mounted on the specimen seat 86. After that, 
each of the protruding portions 82d is inserted into 
each of the grooves 80c of the upper portion of the 
container body 81. Next, by the rotation of the lid 
82, each of the protruding portions 82d is fitted into 
the annular groove 81b and thus the lid 82 is 
mounted on the container body 81, thereby the 
specimen 2 being held between the specimen seat 
86 and the top portion 82a of the lid 82. 

The local analysis of the specimen 2 will be 
explained with reference to FIG. 9. Two points, 
consisting of the rotation center O to be the rota- 
tion center of the specimen 2 and the angle refer- 
ence 01 to be the reference of the rotation amount, 
are set by marking and or the like. The data of the 
distance V between the rotation center 0 and the 
analyzed local portion 2a of the specimen 2 re- 
qiured and the rotation angle "0" to the local por- 
tion 2a from the imaginary line x connecting be- 
tween the points 0 and 01, are inputted to the 
control unit 13 by operating the input unit 12. 

Thus, the setting of the specimen 2 to the 
specimen container 8 is completed with the above 
procedure. Then, when the mark 17 is positioned 
out of the reference line x connecting between the 
points 0 and 01, the mark 17 is conformed with 
the reference line x by rotating the ring 83 so that 
the mark 17 may be positioned on th reference 
line x. 

Next, the specimen 8 is mounted on the speci- 
men container 18. Under these circumstances, the 
rotation center point O , marked on the specimen 



2, is adjusted so as to conform with the rotation 
center of the mounting base 18. Upon this adjust- 
ment, the mark 17 is positioned out of the light- 
outgoing end of the optical fiber 16b as shown in 

5 FIG. 9{a). 

Next, when the starting order for local analysis 
is given to the control unit 13 from the input unit 
12, the control unit 13 rotates, in response to this 
order, the specimen container 8, for example, 

10 counterclockwise in FIG. 9(a) by driving the rotation 
mechanism 10 after lighting the light source 16a. 

With the rotation of the specimen container 8, 
as shown in FIG. 9(b). when the mark 17 is posi- 
tioned toward the light-outgoing end of the optical 

75 fiber 16b, the strength of the light of reflection from 
the mark 17 changes so as to become small. Such 
a change of the strength of the reflection light from 
the mark 17 is detected by the control unit 13. At 
this time, the imaginary line x constituting the refer- 

20 ence of the rotation angle of the specimen 2 is 
conformed with the reference position which the 
control unit 13 recognizes in order to control the 
rotation of the specimen container 8. Accordingly, 
the detection position of the mark 17 is utilized as 

25 a reference angle for the analysis of the specimen 
2. 

The control unit 13 sets the timing of the 
detection of the mark 17 as a reference angle ( = 
0) for local analysis, then rotates the specimen 

30 container 8, for example, clockwise through the 
angle "0" indicating the local portion 2a already 
data-inputted, and after that, moves the view-re- 
stricting diaphragm 3 through the distance w r" by 
driving the movement mechanism 11. With this 

35 control, the holes 3b, 3c and 3d of the view- 
restricting diaphragm 3 are faced the preset local 
portion 2a for local analysis. 

In the abovementioned third embodiment of the 
present invention, though the local portion is se- 

40 lected only one area on the specimen 2, in the 
case where multiple areas on the same specimen 2 
are selected, the data concerning the distances "r" 
and the angles "fl" corresponding to the multiple 
areas may be inputted into the control unit 13 by 

45 operating the input unit 12. 

In the case where the mark 17 is mounted and 
formed on the barrel of the specimen container 8 
as in the first and second embodiments of the 
present invention, it is necessary to make in ad- 

50 vance the adjustment for positioning the mark 17 
on the imaginary line x connecting between the 
rotation center 0 and the angle reference 01 upon 
setting the specimen 2 in the specimen container 
8. However, in the third embodiment of the present 

55 invention, it is possible to easily conduct the ad- 
justment by rotating the ring 83 after setting the 
specimen 2 in the specimen container 8. 
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In the third embodiment of the pres nt inven- 
tion, though the ring 83 is fitted around the barrel 
of the lid 82, it may be fitted into the barrel of the 
container body 81. Moreover, the mark 17 may be 
a construction that the linear reflector is mounted 
on the barrrel of the specimen container 8. In stead 
of the O-ring 19, a blade spring may be mounted 
between the lid 82 and the ring 83. 

With the abovementioned third embodiment of 
the present invention, upon analyzing arbitrary local 
portions of the specimen 2, the setting of the 
reference position for local analysis is made possi- 
ble easily. Accordingly, the adjustment time for 
setting the specimen upon local analysis can be 
shortened and moreover mapping data can be ob- 
tained by the specification of the position of local 
portion. 

While only certain embodiments of the present 
invention have been described, it will be apparent 
to those skilled in the art that various changes and 
modifications may be made therein without depart- 
ing from the spirit and scope of the present inven- 
tion as claimed. 

Claims 

1. An X-ray fluorescence spectrometer compris- 
ing: 

a view-restricting diaphragm (3) for re- 
stricting a field of view to a local portion (2a) of 
a specimen (2) irradiated by X-rays from an X- 
ray tube (1); and 

a primary Soller slit (4) for collimating flu- 
orescent X-rays from the specimen through the 
view-restricting diaphragm, 

characterized by movement means (11) 
for moving the view-restricting diaphragm (3) 
through an arbitrary distance in a plane per- 
pendicular to an incident optical axis of the 
primary Soller slit (4) and within a predeter- 
mined range along a radial direction around 
the center (0) of the specimen; and 

control means (13) for controlling the 
movement means (11) so that the view-restrict- 
ing diaphragm may face the local portion (2a) 
of the specimen. 

2. The X-ray fluorescence spectrometer as set 
forth in claim 1, further comprising rotation 
means (10) for rotating the specimen (2) 
through arbitrary angles around a predeter- 
mined rotation axis. 

3. The X-ray fluorescence spectrometer as set 
forth in claim 2, wherein the control means (13) 
controls the movement means (11) together 
with the rotation means (10) so that the view- 
restricting diaphragm (3) may face the local 



portion (2a) of the specimen. 

4. The X-ray fluorescence spectrometer as set 
forth in any of the preceding claims, wherein 

5 the view-restricting diaphragm (3) has a hole 

(3b, 3c, 3a). 

5. The X-ray fluorescence spectrometer as set 
forth in any of the claims 1 to 3, wherein the 

w view-restricting diaphragm (3) has a plurality of 

holes (3b 3c, 3d) having apertures of different 
sizes. 

6. The X-ray fluorescence spectrometer as set 
T5 forth in claim 4 or 5, wherein the view-restrict- 
ing diaphragm has a cylindrical member (3b1, 
3d, 3d1) mounted around the hole (3b, 3c, 3d) 
toward the specimen (2). 

20 7. The X-ray fluorescence spectrometer as set 
forth in claim 6, wherein the cylindrical mem- 
ber (3b1, 3d, 3d1) is of a cone shape. 

8. The X-ray fluorescence spectrometer as set 
25 forth in claim 6 or 7, wherein the cylindrical 

member (3b1, 3d, 3d1) has a tip end aperture 
(Db, Dc, Dd) and cylindrical length (Lb, Lc, Ld) 
corresponding to the size of the local portion 
(2a) of the specimen. 

30 

9. The X-ray fluorescence spectrometer as set 
forth in any of the claims 5 to B, wherein the 
control means (13) moves the view-restricting 
diaphragm (3) by controlling the movement 

35 means (11) so that an arbitrary aperture of the 

view-restricting diaphragm (3) may face the 
local portion (2a) of the specimen. 

10. The X-ray fluorescence spectrometer as set 
40 forth in any of the preceding claims, compris- 
ing a specimen container (8) for housing a 
specimen (2) with the surface thereof exposed. 

11. The X-ray fluorescence spectrometer as set 
45 forth in claim 10, comprising input means (12) 

for inputting position data of the local portion 
(2a) of the specimen to be analyzed, the con- 
trol means (13) controlling the rotation means 
(10) to rotate the specimen container (8) in 
so response to the position data inputted from the 

input means (12) and controlling the movement 
means (11) to move the view-restricting dia- 
phragm in response to the position data input- 
ted from the input means. 

55 

12. The X-ray fluor scence spectrometer as set 
forth in claim 10 or 11. comprising a mark (17) 
formed on th sid of the specimen container 
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(8) for setting a rotation reference position, and 
mark-detecting means positioned oppositely to 
the side of the specimen container for detect- 
ing the mark (17), wherein the control means 

(13) rotates the specimen container (8) by driv- 
ing the rotation means (10), confirms the rota- 
tion reference position in response to the de- 
tection input of the mark (17) given from the 
mark-detecting means (16) with the rotation of 
the specimen container, rotates the specimen 
container through a required rotation angle (d) 
from the confirmed rotation reference position 
by driving the rotation means (10) after the 
confirmation of the rotation reference position, 
and moves the view-restricting diaphragm by 
driving the movement means (11) in response 
to the position data. 

13. The X-ray fluorescence spectrometer as set 
forth in claim 12, further comprising a ring (83) 
rotatably attached to the side of the specimen 
container (8), the mark (17) being mounted on 
the ring (83). 

14. The X-ray fluorescence spectrometer as set 
forth in claim 12 or 13, wherein the mark- 
detecting means (16) includes a photosensor. 

15. The X-ray fluorescence spectrometer as set 
forth in any of the claims 12 to 14, wherein the 
mark-detecting means (16) includes a light 
source (16a) and an optical fiber (16b) con- 
nected to the light source. 

16. The X-ray fluorescence spectrometer as set 
forth in any of the preceding claims further 
comprising a plate analyzing crystal (15) for 
dispersing the fluorescent X-rays collimated by 
the primary Soller slit (4), a secondary Soller 
slit (6) for coliimating the fluorescent X-rays 
from the plate analyzing crystal, an X-ray de- 
tector (7) for detecting the fluorescent X-rays 
from the secondary Soller slit, and a data 
processing unit (14) for correcting the sensitiv- 
ity of the detection output from the X-ray de- 
tector (7), the sensitivity of the X-ray detector 
varying depending upon the changes of the 
distance of the local portion (2a) of the speci- 
men from the center (0) of the specimen. 

17. The X-ray fluorescence spectrometer as set 
forth in claim 16, wherein, as correction values 
for the sensitivity of the detection output from 
the X-ray detector (7), the data processing unit 

(14) uses the detection output from the X-ray 
detector corresponding to the changes of the 
distance from the rotation center of th speci- 
men, the detection output being premeasured 



on the basis of a standard specimen having 
homogeneous composition. 
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